This study evaluated the prevalence and severity of anemia in patients with congestive heart failure (CHF) and the effect of its correction on cardiac and renal function and hospitalization.
The mean hemoglobin (Hb) in patients with congestive heart failure (CHF) is about 12 g Hb per 100 ml blood (g%) (1) (2) (3) , which is considered to be the lower limit of normal in adult men and postmenopausal women (4) . Thus, many patients with CHF are anemic, and this anemia has been shown to worsen as the severity of the CHF progresses (5, 6) . Severe anemia of any cause can produce CHF, and treatment of the anemia can improve it (7) . In patients with chronic renal failure (CRF) who are anemic, treatment of the anemia with erythropoietin (EPO) has improved many of the abnormalities seen in CHF, reducing left ventricular hypertrophy (LVH) (8 -10) , preventing left ventricular dilation (11) and, in those with reduced cardiac function, increasing the left ventricular ejection fraction (LVEF) (8 -10) , the stroke volume (12) and the cardiac output (12) .
In view of the high prevalence of anemia in CHF, it is surprising that we could find no studies in which EPO was used in the treatment of the anemia of CHF, and the use of EPO is not included in U.S. Public Health Service guidelines of treatment of the anemia of CHF (13) . In fact, anemia has been considered only a rare contributing factor to the worsening of CHF, estimated as contributing to no more than 0% to 1.5% of all cases (14 -16) . Perhaps for this reason, recent guidelines for the prevention and treatment of CHF do not mention treatment of anemia at all (17) . If successful treatment of anemia could improve cardiac function and patient function in CHF, this would have profound implications, because, despite all the advances made in the treatment of CHF, it is still a major and steadily increasing cause of hospitalizations, morbidity and mortality (18 -20) .
The purpose of this study is to examine the prevalence of anemia (Hb Ͻ12 g%) in patients with different levels of severity of CHF and to assess the effect of correction of this anemia in severe CHF patients resistant to maximally tolerated doses of CHF medication. A combination of subcutaneous (SC) EPO and intravenous (IV) iron (Fe) was used. We have found this combination to be additive in improving the anemia of CRF (21, 22) .
METHODS

Patients.
The medical records of the 142 CHF patients being treated in our special outpatient clinic devoted to CHF were reviewed to determine the prevalence and severity of anemia and CRF in these patients. These patients were referred to the clinic either from general practice or from the various wards in the hospital.
Intervention study. Despite at least six months of treatment in the CHF clinic, 26 of the above patients had persistent, severe CHF (New York Heart Association [NYHA] class Ͼ III), had a Hb level of Ͻ12 g% and were resistant to maximally tolerated CHF therapy (including angiotensin-converting enzyme [ACE] inhibitors, the alpha-beta-blocker carvedilol, long-acting nitrates, digoxin, aldactone and oral and IV furosemide. These 26 patients participated in an intervention study. The mean age was 71.76 Ϯ 8.12 years. There were 21 men and 5 women. They all had a LVEF below 35%, persistent fatigue and shortness of breath on mild to moderate exertion and often at rest, and had required hospitalizations at least once during their follow-up in the CHF clinic for pulmonary edema. In 18 of the 26 patients, the CHF was associated with ischemic heart disease either alone in four patients, or with hypertension in six, diabetes in four, the two together in three, or with valvular heart disease in one. Of the remaining eight patients, four had valvular heart disease alone and four had essential hypertension alone.
Secondary causes of anemia including gastrointestinal blood loss (as assessed by history and by three negative stool occult blood examinations), folic acid and vitamin B12 deficiency and hypothyroidism were ruled out. Routine gastrointestinal endoscopy was not carried out. The study passed an ethics committee.
Correction of the anemia. All patients received the combination of SC EPO and IV Fe. The EPO was given once a week at a starting dose of 2,000 IU per week subcutaneously, and the dose was increased or decreased as necessary to achieve and maintain a target Hb of 12 g%. The IV Fe (Venofer-Vifor International, St. Gallen, Switzerland), a ferric sucrose product, was given in a dose of 200 mg IV in 150 ml saline over 60 min every week until the serum ferritin reached 400 g/liter or the percent Fe saturation (%Fe Sat: serum iron/total iron binding capacity ϫ 100) reached 40% or until the Hb reached 12 g%. The IV Fe was then given at longer intervals as needed to maintain these levels.
Medication dose. Except for oral and IV furosemide therapy, the doses of all the other CHF medications, which were used in the maximum tolerated doses before the intervention, were kept unchanged during the intervention period.
Duration of the study. The study lasted for a mean of 7.2 Ϯ 5.5 months (range four to 15 months).
Investigations. Visits were at weekly intervals initially and then at two-to three-week intervals depending on the patient's status. This was the same frequency of visits to the CHF clinic as before the intervention study. A complete blood count, serum creatinine, serum ferritin and % Fe Sat were performed on every visit. An electronic device measured the blood pressure on every visit. The LVEF was measured by a multiple gated ventricular angiography heart scan initially and at four-to six-month intervals. Hospital records were reviewed to compare the number of hospitalizations during the time the patients were treated for the anemia with the number of hospitalizations during a similar period of time that they were treated in the CHF clinic before the anemia was treated. Clinic records were reviewed to evaluate the types and doses of CHF medications used before and during the study. The glomerular filtration rate (GFR) was calculated from the serum creatinine by the formula: 1/serum creatinine in mg% ϫ 100 ϭ GFR in ml/min. The rate of change of the GFR before and during the intervention period was calculated by comparing the change in GFR per month in the year before the intervention with that during the intervention.
Statistical analysis. Mean Ϯ standard deviation was calculated. One-way analysis of variance (ANOVA) was performed to compare parameter levels between the four NYHA groups. Hochberg's method of multiple comparisons (23) was used for pair-wise comparison between two groups. A p value of less than 0.05 was considered statistically significant. In the intervention study, the significance of the difference between the initial values and those at the end of the study for the individual parameters in the 26 treated patients was assessed by paired student's t test; p Ͻ 0.05 was considered statistically significant. All the statistical analysis was performed by the SPSS program (Version 9, Chicago, Illinois).
RESULTS
CHF: the whole study group. The clinical, biochemical and hematological characteristics of the 142 patients seen in the clinic are shown in Tables 1 and 2 . Sixty-seven patients (47%) had severe CHF as judged by a NYHA class of IV ( Table 2 ). Seventy-nine of the 142 patients (55.6%) were anemic (Hb Ͻ 12 g%). The mean Hb level fell progressively from 13.73 Ϯ 0.83 g% in class I NYHA to 10.90 Ϯ 1.70 g% in class IV NYHA (p Ͻ 0.01). The percentage of patients with Hb Ͻ 12 g% increased from 9.1% in class I to 79.1% in class IV.
Fifty eight patients (40.8%) had CRF as defined as a serum creatinine Ն1.5 mg%. The mean serum creatinine increased from 1.18 Ϯ 0.38 mg% in class I NYHA, to 2.0 Ϯ 1.89 mg% in class IV NYHA, p Ͻ 0.001. The percentage of patients with an elevated serum creatinine (Ն1.5 mg%) increased from 18.2% in class I to 58.2% in class IV. The mean ejection fraction fell from 37.67 Ϯ 15.74% in class I to 27.72 Ϯ 9.68% (p Ͻ 0.005) in class IV.
The intervention study: medications. The percentage of patients receiving each CHF medication before and after the intervention period and the reasons for not receiving them are seen in Table 3 . The main reason for not receiving: 1) ACE inhibitors was the presence of reduced renal function; 2) carvedilol was the presence of chronic obstructive pulmonary disease (COPD); 3) nitrates was low blood pressure and aortic stenosis and 4) aldactone was hyperkalemia. The mean doses of the medications are shown in Table 4 . The mean dose of oral furosemide was 200.9 Ϯ 120.4 mg/day before and 78.3 Ϯ 41.3 mg/day after the intervention (p Ͻ 0.05). The dose of IV furosemide was 164.7 Ϯ 178.9 mg/month before and 19.8 Ϯ 47.0 mg/ month after the intervention (p Ͻ 0.05). The doses of the 
Clinical results. DEATHS. There were three deaths during the intervention period. An 83-year-old man died after eight months of respiratory failure after many years of COPD, a 65-year-old man at eight months of a CVA with subsequent pneumonia and septic shock and a 70-year-old man at four months of septicemia related to an empyema that developed after aortic valve replacement.
HEMODIALYSIS. Three patients, a 76-year-old man, an 85-year-old woman and a 72-year-old man, required chronic hemodialysis after six, 16 and 18 months, respectively. The serum creatinines of these three patients at onset of the anemia treatment were 4.2, 3.5 and 3.6 mg%, respectively. All three had improvement in their NYHA status but their uremia worsened as the renal function deteriorated, demanding the initiation of dialysis. In no cases, however, was pulmonary congestion an indication for starting dialysis. Renal results ( Table 5 ). The changes in serum creatinine were not significant. The estimated creatinine clearance fell at a rate of 0.95 Ϯ 1.31 ml/min/month before the onset of treatment of the anemia and increased at a rate of 0.85 Ϯ 2.77 ml/min/month during the treatment period. BP ϭ blood pressure; CRF ϭ chronic renal failure; IV ϭ intravenous.
Functional results (
DISCUSSION
The main findings in the present study are that anemia is common in CHF patients and becomes progressively more prevalent and severe as CHF progresses. In addition, in patients with resistant CHF, the treatment of the associated anemia causes a marked improvement in their functional status, ejection fraction and GFR. All these changes were associated with a markedly reduced need for hospitalization and for oral and IV furosemide.
The effect of anemia on the ischemic myocardium.
Rather surprisingly, the improvement in cardiac function occurred, although the baseline anemia was quite modest (mean Hb 10.16 Ϯ 0.95 g%), and the improvement in the Hb level was only about 2 g%. Animal studies have demonstrated that the ischemic or hypertrophied heart is more sensitive to even a small drop of Hb than is the normal heart, this drop resulting in a marked worsening of the ischemia and the cardiac function (24) . This detrimental effect of anemia on myocardial function has been borne out in human studies as well (24, 25) . This may explain why correction of the anemia in our patients had such a profound effect on cardiac function and patient functional class. Another possible explanation is that EPO may have a direct effect on improving cardiac muscle function unrelated to the effect of the anemia (26) .
The effect of anemia correction on renal function. Congestive heart failure is often associated with some degree of CRF (1) (2) (3) (27) (28) (29) , and this is most likely due to renal vasoconstriction and ischemia (28, 29) . When the anemia is treated and the cardiac function improves, an increase in renal blood flow and glomerular filtration is seen (7, 28) . In the present study, renal function decreased as the CHF functional class worsened ( Table 2 ). The rate of deterioration of renal function was slower during the intervention period. Treatment of anemia in CRF has been associated with a rate of progression of the CRF that is either unchanged (30) or is slowed (31-33) . It is possible, therefore, that adequate treatment of the anemia in CHF may, in the long term, help slow down the progression of CRF.
Possible adverse effects of correction of the anemia.
There has been concern, in view of the recent Amgen study (34) , that correction of the Hct to a mean 42% in hemodialysis patients might increase cardiovascular events in those receiving EPO compared with those maintained at a Hct of 30%. Although there is much uncertainty about how to interpret this study (35) , there is a substantial body of evidence that shows correction of the anemia up to a Hb of 12 g% (Hct 36%) in CRF on dialysis is safe and desirable (35) (36) (37) (38) , and results in a reduction in mortality, morbidity and in the number and length of hospitalizations. The same likely holds true for the anemia of CHF with or without associated CRF. Certainly, our patients' symptoms were strikingly improved, as was their cardiac function (LVEF) and need for hospitalization and diuretics. It remains to be established if correction of the anemia up to a normal Hb level of 14 g% might be necessary in order to further improve the patient's clinical state.
The role of Fe deficiency and its treatment in the anemia of CHF. We used the IV Fe together with EPO to avoid the Fe deficiency caused by the use of EPO alone (38, 39) . The Fe deficiency will cause a resistance to EPO therapy and increase the need for higher and higher doses to maintain the Hb level (39, 40) . These high doses will not only be expensive but may increase the blood pressure excessively (41) . The IV Fe reduces the dose of EPO needed to correct the anemia, because the combination of SC EPO and IV Fe has been shown to have an additive effect on correction of the anemia of CRF (21, 22, 39, 42) . Oral Fe, however, has no such additive effect (39, 42) . The relatively low dose of EPO needed to control the anemia in our study may explain why the blood pressure did not increase significantly in any patient. We used Venofer, an Fe sucrose product, as our IV Fe supplement because, in our experience (21, 22, 43) , it has very few side effects and, indeed, no side effects with its use were encountered in this study. Severe CHF patients may be prone to Fe deficiency for other reasons than just the use of EPO. Poor food intake (cardiac cachexia) (44) , malabsorption (45) or use of prophylactic aspirin (46, 47) may also be contributing factors. Most of the patients in the present study had some degree of CRF, which is also associated with a reduction in Fe absorption (48 -50) . The importance of Fe deficiency in CHF is seen in the fact that 4 of the 26 patients we studied were able to maintain the target Hb of 12 g% with IV Fe alone even after the dose of EPO was stopped for several months.
Other factors that could contribute to the anemia of CHF. Another factor that could contribute to the anemia may be tumor necrosis factor (TNF). Tumor necrosis factor blood levels have been found to be elevated in CHF (51, 52) , have been found to correlate with the severity of the anemia (51, 53) and may cause bone marrow depression (53) , interference in the action of EPO (53) and in the cellular release and utilization of Fe (54) . The use of ACE inhibitors may also cause a reduction in the Hb levels (55) (56) (57) , especially when used in high doses (56) , doses that are usually required in CHF (17) .
Study limitations.
The major limitations of this study were the small number of patients treated and the lack of a control group. Open-label, uncontrolled observations often yield positive results that, in many cases, are not corroborated by subsequent controlled studies. Certainly, special CHF clinics where experts treat these difficult patients have yielded results far better than those achieved by ordinary physicians (2, 58, 59) . But in our study, these patients were being followed at frequent intervals in the CHF clinic for at least six months before the intervention and were already receiving the broad range of CHF medications in the maximally tolerated doses. Yet despite this intensive care and follow-up, they were still grossly symptomatic and many were being frequently hospitalized, predominantly with pulmonary edema. However, the treatment of the anemia was associated with a reduction in symptoms of CHF and less hospitalizations, despite the use of much less diuretics and no change in the doses of any of the other CHF medications. It seems most likely, therefore, that the changes that were found in the ejection fraction, functional class, hospitalization, diuretic use and renal function were due to the improvement in the anemia. Nevertheless, in order to clarify more definitively the effect of correction of anemia on CHF, we have now begun a randomized, controlled trial.
The cost effectiveness of aggressive therapy of anemia in CHF. The mean EPO dose needed to reach the target Hb of 12 g% was about 5,000 IU/week, which costs about $50/week. Thus, the yearly cost of this dose, if selfadministered, would be about $2,600. The yearly cost of 22 100-mg ampoules of IV Fe (the average number needed per year in this study to supply the 2,200 mg of IV Fe needed per year) is about $330, not including the cost of the IV infusions, which would be required to give this amount in an outpatient setting. In any case, the cost of the treatment of the anemia is probably significantly lower than the cost of any of the alternatives: recurrent hospitalizations for pulmonary edema, coronary artery bypass surgery for improving the blood supply to a hibernating heart, heart transplantation or dialysis. About 40% of patients starting dialysis for end-stage renal failure have CHF (60) , and the CHF may itself, in some of these patients, be the major reason for the dialysis starting earlier (61) . Improving cardiac function in these cases would avoid or postpone the need for dialysis.
Importance of early treatment of the anemia of CHF. It is noteworthy, as seen in Table 2 , that even in mild CHF (NYHA functional class II), 5 (19.2%) of the 26 patients in this group were already anemic. These five all had serum creatinine levels ranging from 1.9 to 2.4 mg%, indicating some degree of renal insufficiency. It is possible that treatment of the anemia in these early stages could, along with the usual treatment regimen of CHF, help in preventing both the progression of CRF and progressive congestive cardiomyopathy.
Conclusions. Many patients with mild CHF and most patients with moderate to severe CHF are anemic. The degree of anemia parallels the degree of deterioration of cardiac and renal function and may contribute to this deterioration. The correction of the anemia is associated with an impressive improvement in cardiac function that is reflected in a marked improvement in the NYHA functional class, an improvement in renal function and a striking reduction in hospitalizations and use of oral and IV furosemide. Treatment of the anemia with EPO and IV Fe may be a useful addition to the physicians' armementarium in CHF. It would seem from our findings, however, that these useful tools are grossly underutilized. Clearly, the role of anemia in the worsening of CHF and the use of EPO and IV Fe in its correction require further clarification with controlled trials.
Summary. The prevalence and significance of mild anemia in CHF and the role of erythropoietin with intravenous iron supplementation in treating this anemia are unknown. In 142 CHF patients, the prevalence of anemia (Hb Ͻ 12 g%) increased progressively with the severity of CHF. Twentysix anemic patients with severe CHF despite maximally tolerated CHF medications had their anemia corrected with the EPO-IV/Fe combination. The LVEF increased, the NYHA class improved, the days of hospitalization and dose of diuretics required fell and the rate of progression of the associated renal failure slowed. Correction of mild anemia may be an important addition to the treatment of CHF.
